Nab2, a Three-Cornered Hat to Bind a Poly(A) Tail  by Lee, Brian
Structure
PreviewsNab2, a Three-Cornered Hat to Bind a Poly(A) TailBrian Lee1,*
1Department of Chemistry and Biochemistry, Southern Illinois University, Carbondale, IL 62901, USA
*Correspondence: brianlee@siu.edu
DOI 10.1016/j.str.2012.05.005
In this issue of Structure, Brockman and co-workers reveal the structure and interactions of Nab2 with poly-
adenosine RNA, which marks the completion of 30 end processing and initiates the assembly of mRNA and
carrier proteins for export through the nuclear pore complex.The separation of gene transcription and
translation by the nuclear envelope in
eukaryotes necessitates the directional
transport of mRNA through the nuclear
pore complex (NPC). The transport
process involves: (1) assembly of mature
mRNA with carrier proteins to form
a messenger ribonucleoprotein (mRNP),
(2) passage of the mRNP through the
NPC, and (3) disassembly of the mRNP
at the cytoplasmic side of the NPC.
Assembly of the mRNP requires identifi-
cation of mature mRNA transcripts after
completion of nuclear processing, which
includes 50 end capping, exon splicing,
and 30 end cleavage and polyadenylation.
In yeast, the maturation of mRNA is moni-
tored by the adaptor proteins, Yra1 (Aly/
REF in metazoans) and Nab2 (ZC3H14 in
metazoans), which regulate cleavage
site specificity and polyadenylation tail
length, respectively (Kelly et al., 2010;
Johnson et al., 2011). The heterodimeric
carrier proteins, Mex67:Mtr2 (Nxf1:Nxt1
or TAP:p15 in metazoans), are recruited
to the mature mRNA primarily by Nab2
with assistance from Yra1, which dissoci-
ates from the mRNP after ubiquitinylation
by the E3 ligase Tom1 (Iglesias et al.,
2010). Nab2 and the carrier proteins
remain bound to the mRNP during
passage through the NPC, which is medi-
ated by favorable interactions between
the heterodimeric carrier proteins and
the nucleoporin protein barrier within the
channel of the NPC (Kerkow et al.,
2012). The directionality of transport is
maintained by the remodeling activity of
the DEAD-box RNA helicase, Dbp5,
located at the cytoplasmic face of the
NPC, which dissociates the mRNA from
the carrier proteins (Tran et al., 2007).
Nab2 binds to polyadenosine RNA
during both 30 end processing and export
of mRNA through the NPC. The
N-terminal domain Nab2 interacts withthe NPC associated myosin like protein 1
(Mlp1), but does not bind mRNA, despite
structural similarities to the PWI motif
(named after a conserved Pro-Trp-Ile
sequence) found in other proteins that
bind nucleic acids (Grant et al., 2008).
The N-terminal PWI-like domain is fol-
lowed by a glutamine rich region, an
RGG domain required for nuclear import,
and seven CCCH zinc finger (ZnF) motifs.
Nab2 is the only known polyadenosine
binding protein that does not utilize an
RNA recognition motif (RRM). The three
C-terminal ZnF motifs (ZnF 5–7) are suffi-
cient for high affinity binding to polyade-
nosine RNA (Kelly et al., 2010). In this
issue of Structure, Brockman et al.
(2012) have determined the solution
structure of Nab2 ZnF 5–7 and assayed
the nucleic acid binding interface by titra-
tions with polyadenosine oligomers. The
structures of the individual ZnF motifs
are analogous to the AU-rich element
binding protein, TIS11d, and muscle-
blind-like protein (MBNL1) (Hudson
et al., 2004; Teplova and Patel, 2008).
The tightly wound structure of the Nab2
ZnF motif is dictated by coordination to
a central zinc ion with no regular
secondary structure. Aside from a short
a helix after the first cysteine of both
TIS11d and MBNL1, the backbone
conformations are remarkably similar to
the Nab2 ZnF motifs.
The versatility of these small ZnF motifs
becomes apparent when we look at the
inter-domain interactions and the effect
on single stranded RNA recognition. The
two tandem ZnF motifs in TIS11d bind to
single strand RNA with two consecutive
UAUU sequence elements. Despite the
lack of inter-domain interactions, the
linker sequence is relatively rigid and
the orientation of the ZnF motifs is well
defined with respect to each other. The
bases of the extended single strand RNAStructure 20, June 6, 2012participate in base stacking interactions
with conserved aromatic residues in
TIS11d. Sequence specific hydrogen
bonding to the nucleic acid bases does
not utilize amino acid side chain functional
groups but includes only protein back-
bone amide and carbonyl groups as well
as the sulfur atom of the cysteine zinc
ligands (Hudson et al., 2004). The lack of
amino acid side chain based specificity
is also observed in the crystal structure
of tandem ZnF motifs (ZnF 3–4) from
MBNL1 bound to two single strand RNA
oligonucleotides (rCGCUGU). In the
muscleblind protein, four ZnF motifs are
arranged into two tandem arrays of ZnF
1–2 and ZnF 3–4. Unlike the TIS11d
tandem ZnF motifs, the MBNL1 tandem
ZnF motifs are bound to each other
througha three-strandantiparallelb sheet.
The orientation of two RNA binding sites
in the tandem ZnF motifs would create
a chain-reversal loop in the native target
sequence containing two sequential
MBNL1 binding elements (Teplova and
Patel, 2008).
A novel third mode of RNA recognition
is observed in Nab2 with inter-domain
interactions between all three ZnF motifs
creating a circular symmetry analogous
to a three-cornered hat (tricorne). The pol-
yadenosine RNA binding interface of
Nab2 includes the surface created by
the close packing of Znf 5 and ZnF 7.
NMR chemical shift changes suggest
that ZnF 5 plays the lead role in sequence
specificity. The absence of an N-terminal
helix within the Nab2 ZnF motif allows
for closer interactions between the nu-
cleic acid base and the first cysteine, sug-
gesting that the sulfur atom may form
a specific hydrogen bonding interaction
with the adenine base, analogous to the
guanine base recognition observed in
MBNL1 (Teplova and Patel, 2008). Titra-
tion experiments with AMP nucleotidesª2012 Elsevier Ltd All rights reserved 937
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a binding site for adenine at the first
cysteine residue. With longer polyadeno-
sine oligonucleotides, the central ZnF 6
motif does not show significant shifts for
surface residues, but may play an impor-
tant structural role in orienting the neigh-
boring ZnF motifs for polyadenosine
RNA recognition (Brockmann et al., 2012).
Functional assays using nab2 variants
to suppress a cold sensitive allele of the
dbp5 revealed that the structural integrity
of ZnF 6 is critical for proper mRNA export
and that polyadenosine RNA binding
affinity does not solely dictate proper
assembly of the mRNP (Brockmann
et al., 2012). Previous studies have shown
that the RGG domain of Nab2 is respon-
sible for interactions with the adaptor
protein, Yra1, and the carrier protein,
Mex67 (Iglesias et al., 2010). The nab2
variant suppression assays with the
dbp5 allele and other assays with a yra1
mutant allele suggest that the CCCH938 Structure 20, June 6, 2012 ª2012 Elsevieregion and in particular ZnF 6 may play
a more active role in the assembly of an
export competent mRNP (Brockmann
et al., 2012). These results raise some
important questions regarding the role of
Nab2 in mRNA export that we anticipate
being addressed in the near future. Does
the CCCH region of Nab2 participate
directly in Yra1 interactions and recruiting
Mex67? Do the inter-domain interactions
between ZnF motifs in Nab2 provide
a mechanism for packaging polyadeno-
sine RNA around a multimeric core of
Nab2 molecules? If the ZnF 5–7 region
of Nab2 is sufficient for polyadeonsine
binding and mRNP assembly, then what
is the role of the first four tandem ZnF
motifs in Nab2?REFERENCES
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In this issue of Structure, Li et al. present high resolution crystal structures of two fungal polysaccharide
monoxygenases. Unexpectedly, they observe oxygen species bound at the active sites that inform on the
chemistry that can be supported by these enzymes. Additionally, the organization of aromatic amino acids
and glycosylation on the carbohydrate binding surfaces suggests that regiospecificity and cellulose
orientation can be predicted.The ready availability of lignocellulosic
biomassmakes this a key target substrate
for the production of biofuels. Organisms
in the environment can utilize this bio-
mass as a carbon source, but breakdown
is slow, taking months. A two-phase
strategy is being pursued within the bio-
fuel community to give high-yield conver-
sion of cellulose to glucose on a rapid time
scale. Much work has been done on the
pretreatment phase required to enablephysical access to the cellulose, which is
crystalline and embedded in a lignin and
hemicellulose matrix within the plant cell
wall (Agbor et al., 2011). Chemical, phys-
ical, physicochemical, and biological
methods have been pursued, but none
are perfect, and work continues to im-
prove efficiency and cost effectiveness.
The second phase, and the one relevant
to the Li et al. (2012) study in this issue
of Structure, involves the use of enzymesto complete breakdown of cellulose to
smaller soluble saccharides that can be
fed into biofuel production (Li et al.,
2012). Methodology in the biorefinery
phase has thus far focused on the use of
fungal cellulases that degrade the poly-
saccharide chains hydrolytically to their
ultimate end-product of glucose (Chandel
et al., 2011). Unfortunately, cellulases
suffer from requiring the polysaccharide
chain to be accessible enough to bind in
